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(54) A two terminal hall-sensor 

(57) An integrated circuit 10 Includes a 
Hall-element 12, a voltage regulator 1 1, 
and a threshold detector 13. DC power 
is supplied through terminals 22, 23 
that are connected to a remote DC 
voltage source 40. Aswitchable con- 
stant current sink circuit 30, 1 6 con- 
nected across these terminals Is turned 
on and off in response to the two output 
states of the threshold detector which, 
in turn, is responsive to the Hall- 
element output voltage. Thus the DC 
current flowing in the two DC supply 
lines via terminals 37, 38 is a large or 
small value corresponding to low and 
high magnitude magnetic fields, even 
when the supply DC voltage changes 
over a wide range. 
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SPECIFICATION 

A two terminal Hall-sensor 

5 This invention relates to two terminal Hall-sensors 
■ for detecting magnetic fields that exceed a predeter- 
mined strength, and more particularly to such a 
sensor having a Hall-element, a Hall voltage 
' threshold detector, and a pair of DC supply terminals 

10 through which the sensor receives electrical energy 
from a remote source and through which the output 
signal is transmitted to a remote receiver. 

It is known in the prior art to combine in a package 
a Hall-element with a Hall-voltage threshold detector 

15 Including amplifier stages, the packaged circuits 
receiving electrical energy from a remote DC source 
through power and ground terminals and transmit- 
ting an output signal at a third terminal with respect 
to the ground terminal. Such a three terminal circuit 

20 may be made in integrated-circuit form as is de- 
scribed by Genes! in US 3,816,766 issued June 11, 
1974 and assigned to the present applicants. This 
prior art integrated circuit also includes an on-board 
voltage regulator to provide a substantially fixed 

25 voltage to the Hall-element and threshold detector 
for a large range of remote DC supply voltages. 

A feature of the present invention is the provision 
of a Hall-element sensor package having only two 
terminals through which DC power is received and 

30 through which the output signal is transmitted. 
In accordance with this invention, there is pro- 
vided a two terminal Hall-sensor comprising a 
Hall-element, a threshold detector connected to the 
output of said Hall-element for providing two dlstinc- 

35 tly different output signals in response to low and 
high ranges of magnetic field ambients of said 
Hall-element, a voltage regulator for supplying a 
substantially constant DC voltage to said Hall- 
element, a pair of DC voltage supply terminals 

40 connected to said voltage regulator, and a constant 
current load for drawing a substantially constant 
current of a predetermined value from said pair of 
supply terminals In response to one of said output 
signals and for drawing substantially less current in 

45 response to the other of said output signals. 
Accordingly, the constant current load or sink 
draws a constant current for a low range of ambient 
magnetic fields, and draws at least an order of 
magnitude less current for a high range of ambient 

50 magnetic fields, or vice versa. It is thus possible to 
. sense the DC power supply current drawn at the DC 
power source itself to determine in which range 
there exists a magnetic field ambient at the sensor, 
. and only two wires are needed between the sensor 

55 and the remote DC source and field indicator. Such a 
device is anticipated to be especially useful in very 
low cost automotive tachometers, magnet actuated 
alarm systems and the like where the cost of each 
interconnecting wire represents a significant cost 

60 element 

In order that the present invention may be more 
readily understood, embodiments thereof will now 
be described, by way of example with reference to 
the accompanying drawings in which: 

65 Figure 7 is a diagram of a two terminal Hall-sensor 



in accordance with a first embodiment connected to 
a remote DC power supply and a remote receiver; 

Figure Z is a diagram of another two terminal 
Hall-sensor in accordance with a second embodi- 
70 ment; 

Figure 3 shows a plot of the DC power supply 
current as a function of magnetic flux density for the 
sensor of Rgure 2; and 
Figure 4 shoyNS a graph of the current drawn by 

75 the sensors of Figures 1 (solid lines) and 2 (broken 
lines) from the power supply, for high and low 
magnetic fields, as a function of the supply voltage. 

Figure 1 shows an integrated circuit 10 including a 
voltage regulator 11, a Hall-element 12, a Schmitt 
80 trigger circuit 13, and output amplifier stages. The 
amplifier stages consist of transistors 15 and 16, 
resistors 17 and 18, and diode 19. The trigger circuit 
13 may also include a preamplifier (not specifically 
shown). Taken together, the trigger circuit, any 
85 preamplifier, and following amplifier stages that 
include transistors 15 and 16 are considered to 
comprise a Hall-eI.ement threshold detector produc- 
ing an output at terminal 20. 
DC power is supplied to integrated circuit 10 
90 through power terminal 22 and ground terminal 23. 
Terminal 23 Is connected internally to a ground buss 
24, and terminal 22 is connected to an unregulated 
voltage buss 25. The voltage regulator 1 1 being 
energized from busses 24 and 25 supplies a substan- 
95 tiaily constant voltage at buss 26 relative to ground 
buss 24. The Hall-element 12 and threshold detector 
obtain power from the regulated voltage buss 26. 

The integrated circuit 10 of Figure 1 1ncludes the 
major features of the three terminal circuit of the 

100 above-mentioned patent US 3,816,766. Such an 
integrated circuit (UGN 3020T) is made by Sprague 
Electric Company. The regulated voltage between 
busses 26 and 24 in that commercial product is 3.3 
volts for supply voltages ranging from 4.5 to 24 volts 

105 applied between terminals 22 and 23. Thus the 
sensitivity of the Hall-element 1 2 and the predeter- 
mined turn-on threshold voltage of the Schmitt 
trigger circuit 13 remain constant for a wide range of 
supply voltages. 

110 A field effect transistor (FET) 30 has the gate 
connected to the source so that it may function as a 
constant current diode. This FET is connected be- 
tween the output terminal 20 and power temninal 22 
so that when there is a small or no magnetic field at 

115 Hall-element 12, the output Hall element voltage 
seen by the Schmitt trigger circuit 13 is less than the 
characteristic threshold voltage of the latter, the 
output amplifier transistor 1 6 is on and FET transis- 
tor 30 draws a current Indicated by arrow 31 of about 

120 10 milliamperes from the power busses 24 and 25 
whatever the DC voltage appearing there may be 
(between 4.5 and 24 volts). 

When the magnetic field becomes large enough to 
cause Schmitt trigger circuit 13 to change state, the 

125 transistor 16 turns off and the current 31 flowing 
through the constant current diode 30 is zero. For 
small magnetic fields the current 32 drawn by the 
integrated circuit 1 0 from the power supply is about 
8.0 milliamperes and for large fields that current 32 

1 30 is 5.5 milliamperes. The ratio of the total DC supply 
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current 33 at low magnetic fields to that at high 
magnetic fields (i.e. 18/5.5=3.3) remains substantial- 
ly constant over a wide range of supply voltages 
(about 4.5 to 24 volts) as is indicated graphically In 

5 Rgure 4. The curves 34 and 35 represent currents 33 
at the high and low magnetic field conditions, 
respectively. 

The above-described components may be assem- 
bled in a package, indicated by the enclosing 

10 dashed-Une 36, having two power terminals 37 and 
38 that are connected within the package 36 to 
integrated circuit power terminals 22 and 23, respec- 
tively. A battery 40 is connected to these terminals 
37 and 38 through a resistor 41 of 47 ohms. A 

15 transistor 42 sensing the voltage drop across resistor 
41, is offforthe condition thattotal DC power supply 
current 33 is less than about 14 milliamperes, but 
turns on when current 33 is greater than 14 milliam- 
peres. 

20 Responder block 43 in the collector circuit of 
transistor 42 represents an indicator such as a lamp 
or bell, or block 43 may be an actuator such as a 
relay or electro mechanical transducer to initiate a 
desired action in response to changes in state of the 

25 Hall-sensor. 

Another Hall-sensor of this invention is shown in 
Rgure 2, and is represented as an entirely integrated 
device 50 having only two terminals 51 and 52. This 
integrated circuit 50 includes all of the circuit 

30 components as the integrated circuit 10 described 
above and illustrated in Figure 1 . In Figure 2 
components are given the same numerical designa- 
tions plus 100 as the corresponding ones in Figure 1. 
In addition, the integrated circuit 50 of Figure 2 

35 includes a modified current mirror circuit made up of 
transistor 54 that is connected as a diode, current 
sink transistor 55 and resistors 57 and 59. 

The resistor 57 of about 2700 ohms is connected 
from the collector/base of transistor 54 to the buss 

40 126 which provides a regulated 3.3 volts with respect 
to ground buss 124. Resistor 57 establishes a 
constant reference current 60 of about 1 milliampere 
through the transistor 54. The resistor 59 has a value 
of about 40 ohms. The flow of current 61 in the 

45 collector of transistor 55 is about 20 milliamperes. 
The ratio of reference current 60 to sink or load 
current 61 is about 1/20 over the broad range of DC 
power supply voltages of from 4.5 to 24 volts. When 
the ambient magnetic field is in a low range, i.e., less 

50 than about 165 gauss as indicated in Figure 3, the 
total power supply current 65 is about 9 milliam- 
peres, since for low fields the circuits 1 1 1 , 1 1 2, 1 1 3 
and that including transistor 115 draw about 8 ma., 
the current 60 is about 1 ma., and current 61 is zero. 

55 When the ambient field is greater than about 220 
gauss, output current 65 can be around 26.5 milliam- 
peres since circuits 1 1 1, 1 1 2, 1 13 and that including 
transistor 1 1 5 draw about 5.5 ma. and the currents 
60 and 61 amount to about 21 ma. The broken line 

60 curve 70 in Figure 4 represents the supply current 65 
for the low magnetic field condition while broken 
line curve 71 represents the current at the high 
magnetic field conditions as a function of supply 
voltage. The ratio of these currents 65 for the high 

65 and low field conditions, respectively, is 26.5/9, or 



about 3, providing a dear signal tiiat may be reliably 
and simply detected at the power source even while 
the source voltage changes over a wide range. 

70 CLAIMS 

1 . A two terminal Hall-sensor comprising a Hall- 
element, a threshold detector connected to the 
output of said Hall-element for providing two distinc-' 

75 tly different output signals in response to low and 
high ranges of magnetic field ambients of said 
Hall-element, a voltage regulator for supplying a 
substantially constant DC voltage to said Hall- 
element, a pair of DC voltage supply terminals 

80 connected to said voltage regulator, and a constant 
current load for drawing a substantially constant 
current of a predetermined value from said pair of 
supply terminals in response to one of said output 
signals and for drawing substantially less current in 

85 response to the other of said output signals. 

2. A two terminal Hall-sensor according to claim 

1 wherein said constant current load includes a 
junction FET having the source connected to the 
gate. 

90 3. A two terminal Hall-sensor according to claim 

2 wherein the output circuit of said threshold 
detector is a transistor switch that is open for one of 
said ranges and closed for the other of said ranges, 
said switch and said FET being connected in series 

95 across said supply terminals. 

4. A two terminal Hall-sensor according to claim 
1 wherein said constant current load includes a pair 
of transistors having a common base connection, a 
first of said transistors having a collector and emitter 

100 connected in series with a current limiting resistor 
across the output of said voltage regulator, and said 
second transistor being connected collector to emit- 
ter across said supply terminals. 

5. A two terminal Hall-sensor according to claim 
105 4 wherein the output circuit of said threshold 

detector is a transistor switch tiiat is open for one 
and closed for the other of said magnetic field 
ambients, said switch being connected across the 
base-emitter junction of said second transistor to 
1 1 0 disable said constant current load when said switch 
becomes closed. 

6. A two terminal Hall-sensor arranged to be 
connected to a source of D.C. voltage via its two 
terminals, the sensor comprising a Hall-element, a 

115 voltage regulator for supplying a substantially con- 
stant D.C. voltage to said Hall-element, a threshold ^ 
detector responsive to the Hall-element to produce 
an output indicative of the Hall-element being sub- 
ject to a magnetic field of a magnitude in one of two^ 

1 20 ranges, and a constant current load responsive to 
said threshold detector to draw from said two 
terminals a substantially constant current when the 
magnitude of tfie magnetic field is in one of said 
ranges, whereby the current drawn by said Hall- 

1 25 sensor from the D.C. voltage source is Indicative of 
the range of magnitude of the magnetic field. 



7. A two terminal Hall-sensor substantially as 
herein described with reference to and as Illustrated 
in Rgure 1 or 2 of the accompanying drawing. 
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